Purpuromycin
(C26H18013) is a new antibiotic isolated from the culture broth of Actinoplanes ianthinogenes proposed as a new species on the basis of its morphological, cultural and physiological characteristics.
The antibiotic, obtained as purple crystals, belongs to the naphthoquinone group of antibiotics and resulted to be related to rubromycins. The isolation and purification procedures and the chemico-physical properties of the product are reported.
Purpuromycin is active in vitro against Gram-positive bacteria at 0.005--0.02 ug/m1, at 1 -20 ug/ml on Gram-negative bacteria and at 0.2-0.5 ug/ml on fungi.
A new Actinoplanes species has been isolated from a soil sample collected in Blumenau (Brasil) in the course of a screening for antibiotics originated from strains of the family Actinoplanaceae.
In the present paper we wish to report on the taxonomy of the new strain, number A/1668 in our culture collection, and on the properties of purpuromycin, the active metabolite produced.
Taxonomy of Actinoplanes ianthinogenes n. sp.
Macroscopic Examination
Colonies grown for a few weeks on oatmeal agar are 0.5-0.8 cm in diameter; have irregular contorns and the surface is irregularly ridged, with slightly elevated, rough center. Cultural characteristics were determined after 6-14 days of incubation at 30°C and at pH 7.0. The strain was cultivated on various standard media suggested by SHIRLING and GOTTLIEB1) With The hydrolyzates have been examined by descending chromatography using paper Whatman No. 1.
addition of some media recommended by WAKSMAN21 and the cultural characteristics are listed in Table 1 . The strain grows well on different media with a violet color of the substrate mycelium; on oatmel agar produces a slightly diffusible violet pigment.
Microscopic Examination
Aerial mycelium is absent. The vegetative mycelium reveals branched hyphae with a diameter of -1 u. The sporangia abundantly formed on oatmeal agar and CZAPEK glucose agar are globose with irregular surface and diameter ranging from 4.0 to 10.0u (Fig. 1 ). They are supported by a short sporangiophore arising from the vegetative mycelium. Sporangial release is observed after rupture of the wall of sporangium (Fig. 2) . The sub-spherical spore having a diameter of 1.4-1.8 p are motile. On the basis of these characteristics the strain can be assigned to the genus Actinoplanes according to J. N. CoucH3).
In Table 4 Table 2 . Physiological characteristics are described in Table 3 .
The strain grows well from 28" to 37°C in media of pH ranging from 6.0 to 9.0 and no growth was observed at 50'C. In view of the above-described characteristics and of its ability of producing purpuromycin, the strain A,/1668 can be considered a new species of the genus Actinoplanes for which the name Actinoplanes ianthinogenes* is proposed.
The type strain A1668 has been O 38.72 (by difference). The molecular formula is C26H18O13 determined on the basis of microanalysis and hydrogen number in the PMR spectrum (Fig. 3) . Functional group analysis showed the presence of two methoxyl and four hydroxyl groups. The product appeared to be unitary in paper and thin-layer chromatographic analysis and the Rf values obtained with different solvent systems are reported in Table 5 . Purpuromycin is very soluble in aqueous sodium hydroxyde; fairly soluble in aqueous sodium carbonate, trifluoroacetic acid, dimethylformamide; sparingly soluble in aqueous sodium bicarbonate, acetic acid, ethyl acetate, dioxane, chloroform, acetone and insoluble in water and alcohols. The ultraviolet and visible absorption spectrum at different pH is reported in Fig. 4 ; an acidic function is present in the molecule with a pKa 6.8 spectrophotometrically determined. The IR spectrum is reported in Fig. 5 . The product gives a complex with boroacetic acid"' resulting in a bathocromic shift of the visible maxima and is easily reduced with Zn in dilute HC1 and with Na2S2O4, the E1/2 value is -0.645 V determined in DMF with 50% buffered solution (Br and Rb) at pH 9.814', both these characteristics are indicative of an hydroxyquinone moiety. The absorption pattern in the visible and ultraviolet region indicates a close similarity of purpuromycin with the metabolites fusarubin and anhydrojavanicinls15) produced by fungi and with the antibiotics actinorhodin16), griseorhodin17) and rubromycin18) produced by Streptomyces. The complete structure of the antibiotic has been determined"' and is reported in Fig. 6 .
Biological Properties
Purpuromycin is very active against Gram-positive bacteria and presents a good activity against Gram-negative bacteria and fungi. The minimum inhibitory concentrations against a variety of microorganism are given in Table 6 . The product is active also against strains which are resistant to the other antibiotics widely used in the actual chemotherapeutical practice. Purpuromycin injected intraperitoneally into mice showed no toxicity up to 500 mg/kg, however no protection was observed when it was administered orally and subcutaneously at 300 mg/kg dosage in mice infected with S. aureus.
No antibiotic has been found in urine and serum, and residual product has been noticed in the site of injection after subcutaneous treatment.
Discussion
Purpuromycin is one of the few antibiotics isolated up to now from Actinoplanes and it resulted to be an hydroxy derivative of r-rubromycin, an antibiotic isolated from Streptomyces. Although the two antibiotics are so similar in chemical structure they present a different biological profile. Rubromycins in fact are described" with an activity only on Gram-positive bacteria while purpuromycin shows good activity also on Gram-negative bacteria and fungi. The practical interest of the product is anyhow limited by two negative aspects: a tendency of the molecule to bind proteins resulting in a strong inactivation by serum (Table 6 ) and a very poor solubility that might explain the limited absorption of the product. The preparation of derivatives having a more favorable solubility characteristics and less affected by serum is under way. 
